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THE GREENDUWAMISH RIVER SYSTEM HAS HISTORICALLY BEEN

CENTRAL TO THE DEVELOPMENT OF METROPOLITAN SEATTLE AND CONTINUESCONTINUE

TO BE VITAL TO THE PRESENT AND PLANNED FUTURE ECONOMIC DEVELOPMENT

HEAVY USE OF THE RIVER FOR INDUSTRIAL AND NAVIGATIONAL PURPOSESPURPOSE

AND FOR MUNICIPAL WASTE DISPOSAL ALONGSIDE ITS IMPORTANCE AS

MIGRATORY ZONE FOR SALMONID FISH HAS MADE ATTENTION TO WATER QUALITY

NECESSITY POLLUTION OF THE RIVER WAS FIRST DOCUMENTED IN 1948

AND HAS BEEN OF CONCERN TO METRO SINCE THE AGENCY WAS ORGANIZED

IN 1958 INMETROSINMETRO AREAWIDE WATER QUALITY PLAN THE DUWAMISH

IS PRIORITIZED AS THE MOST POLLUTED STREAM

CURRENTLY THERE IS NEW AWARENESSAWARENES OF THE PRESENCE OR POTENTIAL

PRESENCE IN WATERWAYSWATERWAY SUCH AS THE DUWAMISH OF LARGE NUMBER OF

POLLUTANTSPOLLUTANT THAT ARE CONSIDERED TO BE TOXIC SOME OF THE SUBSTANCESSUBSTANCE

HAVE TOXIC PROPERTIESPROPERTIE THAT ARE WELL KNOWN KNOWLEDGE OF OTHERSOTHER

IS QUITE RECEN AND NOT YET COMPLETE HOWEVER THE POSSIBILITIESPOSSIBILITIE

OF PRESENT OR FUTURE HAZARD ARE FELT TO BE TOO GREAT TO IGNORE

AS RESULT OF THESE KINDSKIND OF CONCERNSCONCERN WHICH ARE REFLECTED

IN AN EMPHASISEMPHASI ON TOXICANT PROGRAMSPROGRAM AT THE FEDERAL LEVEL OF

GOVERNMENT AS WELL AS AT THE LOCAL LEVEL METRO IS BECOMING

INVOLVED IN AN ANALYSISANALYSI OF THE DUWAMISH RIVER METROSMETRO INTENT IS

TO LOOK AT BROAD RANGE OF PARAMETERSPARAMETER TO DETERMINE WHAT POTENTIAL

TOXICANTSTOXICANT ARE PRESENT IN SIGNIFICANT AMOUNTSAMOUNT WHAT THE APPROXIMATE

LEVELSLEVEL OF SUCH POLLUTION ARE AND WHAT THE PROBABLE SOURCESSOURCE ARE

THE ULTIMATE OBJECTIVE IS TO PLAN PROGRAM TO REDUCE THE ENTRY OF

TOXICANTSTOXICANT TO THE RIVER
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THE FIRST STEPSSTEP ARE TO FIND OUT WHAT IS KNOWN AND DOCUMENTED

ABOUT TOXIC SUBSTANCESSUBSTANCE IN THE RIVER AND THEN TO DETERMINE WHAT

ADDITIONAL INFORMATION IS NEEDED TO PROVIDE REAONAB1Y COMPLETE

PICTURE OF THE OCCURENCE OF THE TOXICANTSTOXICANT IN THE RIVER

IN SHORT PERIOD OF ABOUT THREE WEEKSWEEK WE HAVE ATTEMPTED TO

SURVEY THE AVAILABLE LITERATURE PERTAINING TO TOXICANTSTOXICANT IN THE

DUWAMISH THERE IS OF COURSE CONSIDERABLE GENERAL WATER QUALITY

DATA ON THE RIVER AND THERE IS BACKGROUND INFORMATION ON THE PHYSICAL

CHEMICAL AND BIOLOGICAL FUNCTIONING OF THE ESTUARY INFORMATION

ON TOXIC SUBSTANCESSUBSTANCE IS MUCH LESS PLENTIFUL THE ONLY TOXIC SUBSTANCESSUBSTANCE

REPORTED FOR THE RIVER ARE POLYCHIORINATED BIPHENYSBIPHENY PCB PESTICIDESPESTICIDE

DDT AND RELATED COMPOUNDSCOMPOUND TRACE METALSMETAL AND OIL AND GREASE DATA

FOR THESE PARAMETERSPARAMETER IS PATCHY HEAVY METALSMETAL ARE ANLAYZED REGULARLY

AT NUMBER OF STATIONSSTATION ON THE RIVER AS PART OF METROSMETRO WATER

QUALITY MONITORING PROGRAM AND THERE IS HISTORICAL DATA AVAILABLE

AS WELL GENERAL SURVEY OF PUGET SOUND INCLUDING THE DUWAMISH

FOR PCB AND PESTICIDESPESTICIDE WAS DONE IN 19731974 BY THE UNIVERSITY

OF WASHINGTON OTHER STUDIESSTUDIE HAVE PRIMARILY BEEN CONCERNED WITH

THE 1974 PCB SPILL AT SLIPL OR WITH THE CORPSCORP OF ENGINEERSENGINEER

DREDGING PROGRAMSPROGRAM AND THESE WERE RESTRICTED TO CERTAIN SECTIONSSECTION

OF THE ESTUARY THERE HAS BEEN SOME DATA REPORTED ON COMBINED

SEWER OVERFLOWSOVERFLOW IN THE AREABOTH FOR THE EFFLUENTSEFFLUENT AND THE SEDI

MENTSANDDATA IS AVAILABLE ON TREATMENT PLANT EFFLUENTS THERE

HAVE BEEN SOME REPORTSREPORT OF PCB AND METALSMETAL LEVELSLEVEL IN DUWAMISH

FISH AND OTHER ORGANISMS THERE IS DATA THAT WERE AWARE OF BUT

HAVE NOT SEEN THERE IS UNDOUBTEDLY DATA AVAILABLE THAT WERE

NOT AWARE OF AT THISTHI POINT AND WE WOULD WELCOME INFORMATION ABOUT

SUCH ITEMS
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THERE IS EVIDENCE THAT CONTAMINANTSCONTAMINANT IN THE DUWAMISH MAY PRO

DUCE PATHOLOGICAL EFFECTSEFFECT ON RESIDENT FISH SPECIES FISH FROM THREE

AREASAREA IN PUGET SOUND AND FROM THE DUWAMISH WERE STUDIED AND HIGH

PROPORTION OF DUWAMISH FISH WERE DISEASED MOST OF THE LIVER DISEASE

AND ALL OF THE FIN EROSION ENCOUNTERED IN THE STUDY WERE IN DUWAMISH

FISH THE FIN DISEASE WAS RELATED TO SEDIMENTSSEDIMENT IN THAT FINSFIN NORMALLY

IN CONTACT WITH THE SEDIMENT WERE MOST OFTEN AFFECTED IN LABORATORY

STUDY TWO OF THIRTY APPARENTLY HEALTHY FISH EXPOSED TO DUWAMISH

SEDIMENT DEVELPED FIN DISEASE WHILE OF THIRTY FISH EXPOSED TO

CONTROL SEDIMENT NONE DEVELOPED THE DISEASE THE LIVER DISEASE IN

DUWAMISH FISH WA CONSISTENT WITH ABNORMALITIESABNORMALITIE SHOWN IN OTHER STUDIESSTUDIE

TO RESULT FROM EXPOSURE TO PCB AND OTHER CHLORINATED HYDROCARBONS

FURTHERMORE ANALYSISANALYSI OF DUWARNISH FISH AND SEDIMENTSSEDIMENT FOR PCB INDICATED

THAT DUWAMISH FISH LIVERSLIVER HAD ABOUT 40 TIMESTIME THE CONCENTRATION FOUND

IN FISH FROM THE CONTROL AREA AND THE SEDIMENTSSEDIMENT HAD ABOUT 360 TIMESTIME

THE PCB IN THE CONTROL THITE SEDIMENTS IN AN EPA STUDY OF SIX

WASHINGTON ESTUARIESESTUARIE MEASURABLE LEVELSLEVEL OF PCB IN FISH WERE FOUND ONLY

IN THE DUWARNISH
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WHAT THE EXISTING DATA REVEAL ABOUT LEVELSLEVEL OF TOXICANTSTOXICANT IN THE

RIVER

TABLE SHOWSSHOW LEVELSLEVEL TOXIC SUBSTANCESSUBSTANCE IDENTIFIED IN THE

EXISTING DATA FOR VARIOUSVARIOU REACHESREACHE OF THE RIVER THE MOST PLENTIFUL

DATA AVAILABLE WERE PCB CONCENTRATIONS THE 19731974 DATA INDICATED

DRAMATICINCREASE IN SEDIMENT PCB IN THE DOWNSTREAM DIRECTION

AS MIGHT BE EXPECTED VALUESVALUE FOR WATER WERE NOT AVAILABLE EXCEPT

IN THE LOWER REACHES OTHER CHLORINATED HYDROCARBONSHYDROCARBON HC SHOW

SIMILAR GRADIENT THE 1976 PCB DATA IN THE DOWNSTREAM REACH

WERE COLLECTED AFTER THE SLIP CLEANUP AND THOSE IN THE UPSTREAM

REACH WERE COLLECTED BEFORE THE CHANNEL WAS DREDGE6 IN THAT LOCA

TION THE LEVELSLEVEL OF PCB SHOWN FOR SEDIMENTSSEDIMENT ARE HIGH RANGING

BETWEEN 11 AND 6982 PPB PARTSPART PER BILLION BY COMPARISON NORTH

ERN PUGET SOUND SEDIMENTSSEDIMENT WERE REPORTED TO RANGE FROM 950 PPB

LEVELSLEVEL IN DUWAMISH ESTUARY WATER ARE SHOWN TO RANGE BETWEEN 40 AND

60 PPT PART PER TRILLION WHILE PUGET SOUNDWATER HAD CONCENTRA

TIONSTION OF PCB FROM L7PPT LEVELSLEVEL OF PCB REPORTED IN THE 1976

SEDIMENT DATA ARE MUCH HIGHER THAN THE VALUESVALUE REPORTED FOR THE SAME

SECTIONSSECTION IN 19731974 IT IS POSSIBLE THAT THISTHI REFLECTSREFLECT THE

VARIABILITYBETWEEN LOCALIZED SEDIMENTSSEDIMENT RATHER THAN CHANGE OVER

TIME

OIL AND GREASE IS BROAD CATEGORY THAT INCLUDESINCLUDE MANY TOXIC

SUBSTANCESSUBSTANCE NOT SPECIFICALLY IDENTIFIED THE FEW PIECESPIECE OF DATA

AVAILABLE INDICATE MUCH HIGHER CONCENTRATIONSCONCENTRATION NEAR SLIP THAN

UPSTREAM AT 16TH AVENUE

PART OF THE METALSMETAL DATA IS FOR WATER AND PART FOR SEDIMENT

LEVELSLEVEL IN THE WATER ARE OF CONCERN FOR AQUATIC LIFE AND FOR OTHER

USESUSE OF THE WATER ITSELF SEDIMENT LEVELSLEVEL HOWEVER REFLECT THE
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TABLE 1 LEVELSLEVEL OF TOXICENTSTOXICENT FOUND IN DUWAMISH RIVER WATER AND SEDIMENTSSEDIMENT DATA FROM SEVERAL SOURCESSOURCEPARAMETERSPARAMETER DUWAI4ISH RIUER SECTIONSSECTION

MOUTHSLIP SLIP 116TH AVE

16TH AVE TO 5MARGINAL WAY

5 MA

TO RENTON

RGINAL WAY1UNCTION ABOVEJUNCTION RENTON

19731974 VCB

WATER SED WATER SED WATER SED WATER SED WATER SED3940 1297 2758 610 333 77HCDDT ETC 760 100 81 24

OIL GREASEIRON 1700086000 1400048000 9OOO32O0OMERCURY OL25 032L 0406LEAD 028 073 932ZINC 65319 31201 98210NICKEL 1135 1138 2427

176 PCD 69 300050000 116982

NC
OIL GREASECADMIUM12CHROMIUM COPPER2

23 15252445 899628 18271754 4482

416815 546

40246045814523

48
56

46

0 IRON MERCURY LEAD1

310330 130002100046 2560274

22340200

23640200

220200

220200ZINC2NICKEL

419 1263270

35 17004000 6382040

520
20

550
20

510
20

PCB WATER VALUESVALUE PPT SEDIMENT VALUESVALUE PPB 1 LOWEST REPORTED VALUESVALUE ARE AT DETECTION LIMIT USED AS

OIL GREASE ALL VALUESVALUE PPM MINIMUM REPORTABLE VALUE AND IT IS ABOVE THE STANDARDMETALSMETAL WATER VALUESVALUE PPB SEDIMENT VALUESVALUE PPM 2 LOWEST REPORTED VALUESVALUE ARE AT DETECTION LIMIT USED AS

MINIMUMREPORTABLE VALUE BUT IT IS BELOW THE STANDARD



EFFECTSEFFECT OF INPUTSINPUT OVER PERIOD OF TIME AND ARE NOT SUBJECT TO

TRANSITORY CONCENTRATIONSCONCENTRATION IN THE SAME WAY THE WATER IS THE DOWN

STREAM TRENDSOF CADMIUM CHROMIUM AND COPPERBASED ON WATER

DATAARE FOR INCREASINGLY HIGHER MAXIMUM LEVELS IRON SHOWSSHOW THE

SAME KIND OF DOWNSTREAM INCREASE IN THE SEDIMENT DATA MERCURY

NICKEL LEAD AND ZINC DONT SHOW CLEAR TRENDSTREND ON THE BASISBASI OF THESE

DATA THISTHI IS PARTLY DUE TO ACTUAL LEVELSLEVEL BEING LOWER THAN THE

DETECTION LIMIT OF THE ANALYSISANALYSI ALTHOUGH IN SOME CASESCASE THE LATTER

LEVEL WAS WELL ABOVE THE STANDARD SUCH LEVELSLEVEL WERE REPORTED

AS AT THE DETECTION LIMIT ADDITIONALLY GENERALIZED ATMOSPHERIC

SOURCESSOURCE OF LEAD MAY MASK SOURCESSOURCE FROM RUNOFF TO OBSCURE THE UPSTREAM

DOWNSTREAM TREND

ACCEPTABLE LEVELSLEVEL IN WATER OF THE PARAMETERSPARAMETER ARE PRESENTED

IN TABLE 2 IN MOST INSTANCESINSTANCE THE ACCEPTABLE LEVELSLEVEL ARE EPA

CRITERIA IN SOME CASESCASE WHERE THE EPA CRITERIA ARE NOT SPECIFIC

LEVELSLEVEL HAVE BEEN SELECTED BY METRO STAFF BASED ON LITERATURE

RELATED TO LOCAL FISH SPECIES THESE SELECTED VALUESVALUE ARE NOTED BY

FOOTNOTE IN ALL CASESCASE THE LEVELSLEVEL OF PCB HC AND OIL AND GREASE

REPORTED FOR WATER EXCEEDED THE ACCEPTABLE LEVELS ALL VALUESVALUE

IN WATER FOR CADMIUM MERCURY LEAD IRON AND NICKEL EXCEEDED THE

ACCEPTABLE LEVELSLEVEL BUT THISTHI IS PROBABLY AT LEAST PARTLY DUE TO

INSENSITIVITY OF THE ANALYSISANALYSI AS DISCUSSED ABOVE COPPER LEVELSLEVEL

EXCEEDED THE STANDARD DOWNSTREAM OF EAST MARGINAL WAY AND ZINC

WAS REPORTED IN EXCESSEXCES ABOVE SLIP AND ABOVE EAST MARGINAL WAY

DISSOLVED OXYGEN DO IS NOT TOXICANT BUT IS BASIC

PARAMETER THAT INDICATESINDICATE SOME TYPESTYPE OF DEGRADATIONORGANIC POLLUTION

PRIMARILYAND IN PART SUITABILITY FOR AQUATIC LIFE THE EARLIER
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TABLE 2 WATER QUALITY STANDARDSSTANDARD FOR

THE PARAMETERSPARAMETER DISCUSSED4

PARAMETER STANDARD

DO 565 PPM

PCB PPT2

HC DDT ETC PPT

OIL AND GREASE NONE

CADMIUM 02 PPB3

CHROMIUM 005 PPM3

COPPER 001 PPM

IRON 005 PPM

LEAD 001 PPM

MERCURY 005 PTDB

ZINC 002 PPM

NICKEL PPB

1 WASHINGTON STATE STANDARD
2 PARTSPART PER TRILLION
3 STANDARD DERIVED FROM EPA GUIDE

LINESLINE AND BASED ON REQUIREMENTSREQUIREMENT
OF LOCAL FISH SPECIES

4 STANDARDSSTANDARD NOT OTHERWISE IDENTI
FIED ARE EPA CRITERIA
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HISTORICAL REFERENCESREFERENCE TO POLLUTION IN THE DUWAMISH ARE MOSTLY

RELATED TO LOW DO HISTORICALLY THE LOWEST DO LEVELSLEVEL HAVE BEEN

FOUND IN THE BOTTOM LAYER OF WATER AT THE 16TH AVENUE BRIDGE DURING

THE LOW FLOW PERIODSPERIOD BETWEEN AUGUST AND NOVEMBER

TABLE SHOWSSHOW THE RANGESRANGE OF MONTHLY MINIMUM DO VALUESVALUE FOR BOTTOM

WATERSWATER AT THAT STATION FOR THE CRITICAL MONTHSMONTH OF 19691976

WHILE IT ISNT POSSIBLE TO SEE AN IMPROVING TREND IN THESE DATA

ALONE THE VALUESVALUE DO COMPARE FAVORABLY WITH HISTORICAL MONTHLY

MEAN VALUESVALUE AT THE SAME STATION AS SEEN IN TABLE 4 THISTHI IS AN

INDICATION THAT DISSOLVED OXYGEN CONDITIONSCONDITION AT 16TH AVENUE ARE BETTER

NOW THAN THEYWERE IN THE 1960SPERHAPS1960SPERHAP INFLUENCEDTHY CLOSURE

OF THE DIAGONAL AVENUE TREATMENT PLANTHOWEVER AN ANALYSISANALYSI OF

DIRECTLY COMPARABLE DATA IS NECESSARY TO STATE THAT WITH CONFIDENCE

THAT DATA IS AVAILABLE BUT WAS NOT OBTAINED IN TIME FOR INCLUSION

HERE

UZNRNARY

THISTHI LIMITED COLLECTION OF DATA PERMITSPERMIT SEVERAL CONCLUSIONSCONCLUSION

AS TO WHAT WE DO AND DO NOT KNOW ABOUT TOXICANTSTOXICANT IN THE RIVER

THE SECTION FROM THE MOUTH UP THROUGH THE SLIP AREA

IS HEAVILY CONTAMINATED WITH ALL THE PARAMETERS

LEVELSLEVEL OF PCB AND OTHER HC IN THE SEDIMENT DECLINE IN THE

UPSTREAM DIRECTION BUT WE DONT KNOW ABOUT THE LEVELSLEVEL

IN THE WATER UPSTREAM

LEVELSLEVEL OF METALSMETAL IN UPSTREAM WATER ARE UNDOUBTEDLY LOWER

THAN AT THE MOUTH BUT INSENSITIVITY OF THE METALSMETAL

ANALYSESANALYSE TENDSTEND TO OBSCURE THE UPSTREAM TRENDS
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TABLE 3 MINIMUM DISSOLVED OXYGEN
RANGESRANGE IN THE BOTTOM WATERSWATER
AT 16TH AVENUE FOR AUGUST

NOVEMBER OF 19691976

MINIMUM DO
YEAR RANGE PPM

1969 13 26
1970 39 45

1971 37 45
1972 40 46
1973 42 47
1974 36 42
1975 38 52
1976 41 50

TABLE 4 HISTORICAL MEAN DISSOLVED
OXYGEN IN THE BOTTOM WATERSWATER

AT 16TH AVENUE FOR LATE
SUMMERFALL MONTHSMONTH

1949
1956
1962
1963
1964

1965
1966

45

45

45

25

55

45

MEAN DO RANGE
YEAR PPM APPROX

10
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LEVELSLEVEL OF METALSMETAL IN UPSTREAM SEDIMENTSARENT KNOWN

WE DONTKNOW WHETHER THERE ARE SIGNIFICANT SOURCESSOURCE OF

CONTAMINATION ABOVE RENTON

6 WE DONT KNOW WHAT BACKGROUND LEVELSLEVEL LOOK LIKE UPSTREAM

OF ALL NDSTRJJ THENT

11
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SUGGESTED DIRECTIONSDIRECTION FOR FURTHER ANALYSISANALYSI

THE DATA ITED WHILE LIMITED IN SCOPE AND QUANTITY ARE

EVIDENCE OF VERY HIGH LEVELSLEVEL OF SOME TOXICANTSTOXICANT IN BOTH THE SEDIMENTSSEDIMENT

AND THE WATER THERE IS INSUFFICIENT INFORMATION HOWEVER TO

IDENTIFY MORE THAN ONE OR TWO GENERAL HOT SPOT AREASAREA OR ANY PROBABLE

SOURCES ITS KNOWN THAT THE MAJOR INDUSTRIESINDUSTRIE DISCHARGE WASTESWASTE

EXCEPT COOLING WATERSWATER TO THE WEST POINT TREATMENT PLANT THE

EF FLUENT FROM THE RENTON TREATMENT PLANT IS NOT THOUGHT TO BE MAJOR

CONTRIBUTION AT LEAST OF PCB ROUGH CALCULATIONSCALCULATION HAVE INDICATED BASEC

ON THE AVERAGE DISCHARGE OF PCB FROM RENTON THAT OVER TEN YEAR

PERIOD THE TOTAL DISCHARGE FROM THE PLANT WOULD AMOUNT TO LESSLES THAN

10 PERCENT OF THE ESTIMATED TOTAL BURDEN OF PCB IN THE ESTUARY SEDIMENTSSEDIMENT

BEFORE RECOMMENDING SPECIFIC PROGRAM FOR TIGHTER CONTROL OF TOX

ICANTSICANT THERE IS AN OBVIOUSOBVIOU NEED TO OBTAIN MORE COMPREHENSIVE SET

OF DATA WITH ATTENTION TO THE FOLLOWING POINTSPOINT

ONLY FEW PARAMETERSPARAMETER HAVE BEEN STUDIED WE NEED TO MAKE

SURE WERE AWARE OF THE IDENTITY OF THE MAJOR TOXICANTSTOXICANT IN

THE SYSTEM

ANALYSESANALYSE OF SEDIMENTSSEDIMENT AND WATER SHOULD BE DONE AT STRATEGIC

INTERVALSINTERVAL FROM THE MOUTH TO POINT ABOVE THE RENTON TREAT

MENT PLANT DATA COLLECTED FROM POINT WELL ABOVE ALL

INDUSTRIAL DEVELOPMENT COULD PROVIDE BACKGROUND VALUES

COMPREHENSIVE SET OF TOXICANT DATA FROM STORM SEWER DIS

CHARGESCHARGE TO THE RIVER SHOULD BE COLLECTED

THE CONTRIBUTION OF THE RENTON TREATMENT PLANT SHOULD BE

FURTHER EVALUATED

12
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THEDISLVEDOYQEN DATA HOUIDBNLYZED TO DETERMINE

SIGNIFICANT TRENDSTREND AT SEVERAL STATIONS

PROGRAM TO DEFINE THE PROBLEMSPROBLEM IN THE RIVER MIGHT INCLUDE THE

FOLLOWING ELEMENTSELEMENT

1 BROAD SCREENING LABORATORY ANALYSESANALYSE TO INDICATE TOXICANTSTOXICANT

PRESENT IN SIGNIFICANT CONCNTRATIONSCONCNTRATION IN SEDIMENTSSEDIMENT AND WATER AT

THE FOLLOWING GENERAL LOCATIONSLOCATION

MOUTH

AT OR JUST BELOW SLIP

16TH AVENUE BRIDGE

OVE THE RENTON TREATMENT PLANT

SELECTED CSO EFFLUENTSEFFLUENT

RENTON TREATMENT PLANT EFFLUENT IT WILL ALREADY HAVE

BEEN SCREENED

2 BASED ON THE PARAMETERSPARAMETER IDENTIFIED BY THE SCREENINGSSCREENING MORE

DETAILED STUDY

FAIRLY LARGE NUMBER OF SEDIMENT SAMPLESSAMPLE FROM LOCATIONSLOCATION

CHOSEN TO BETTER DEFINE THE AREASAREA OF HEAVIEST CONCENTRATION

AND PROVIDE BACKGROUND VALUESVALUE FOR COMPARISON

PERIODIC WATER SAMPLESSAMPLE FROM FEWER STATIONSSTATION THAN THE SEDI

MENTSMENT BUT OVER AN AREA EXTENDING FROM THE MOUTH TO POINT

ABOVE ALL INDUSTRIAL DEVELOPMENT

AGGRESSIVE SAMPLING OF MORE COMPLETE ARRAY OF STORM

SEWER EFFLUENTSEFFLUENT AS WELL AS SEDIMENTSSEDIMENT FROM OUTFALL AREAS

ANALYSISANALYSI OF THE CONTRIBUTION FROM THE RENTON PLANT

13
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EXISTING PROGRAMSPROGRAM AND DATA CAN PROVIDE PORTION OF THE REQUIRED

INFORMATION FOR EXAMPLE AN INTNINENT METRO STUDY WILL INCLUDE

SAMPLING DUWAMISH SEDIMENTSSEDIMENT AT NUMBER OF LOCATIONS THE ANALYSISANALYSI

WILL INCLUDE HEAVY METALSMETAL PCB AND PESTICIDES THE USEFULNESSUSEFULNES

OF EXISTING DATA WILL DEPEND IN PART UPON WHICH TOXICANTSTOXICANT MUST

BE CONSIDERED

NOTE SOURCESSOURCE OF DATA USED ARE INDICATED ON THE LIST OF REFERENCES
ADDITIONAL UNPUBLISHED METRO DATA HAS BEEN USED

14
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REFERENCESREFERENCE

INDICATESINDICATE SOURCE OF DATA USED IN THISTHI REPORT

AREAWIDE WATER QUALITY PLAN 1978 METRO

BLAZEVJCH J N AND OTHERS 1977 MONITORING OF TRACE CONSTITU
ENTSENT DURING PCB RECOVERY DREDGING OPERATIONS EPA 910977039

EPAMETRO 1974 UNPUBLISHED REPORT PCB INPUTSINPUT TO THE DUWAMISH

RIVER

ISAAC GW AND OTHERS 1964 SPECIAL DUWAMSH RIVER STUDIES

METRO REPORT WATER QUALITY SERIESSERIE NO

LOCAL OPTIONSOPTION FOR SURFACE WATER MANAGEMENT AND STREAM PRESERVATION

1978 TECHNICAL APPENDIX NO TO AREAWIDE WATER QUALITY PLAN
METRO REPORT

MILLER BS AND OTHERS 1976 ECOLOGICAL AND DISEASE STUDIESSTUDIE OF

FISH NEAR METRO OPERATED SEWAGE TREATMENT PLANTSPLANT ON PUGET SOUND AND

THE DUWAMISH RIVER METRO REPORT BY THE COLLEGE OF FISHERIESFISHERIE
UNIVERSITY OF WASHINGTON

MILLER BS AND OTHERS 1977 DEMERSAL FISHESFISHE NEAR METRO SEWAGE

TREATMENT PLANTSPLANT AND IN THE DUWAMISH RIVER METRO REPORT BY THE

FISHERIESFISHERIE RESEARCH INSTITUTE UNIVERSITY OF WASHINGTON

PAVLOU S AND OTHERS 1973 NATIONAL COASTAL POLLUTION RESEARCH

PROGRAM SPEIAL REPORT NO 54 DEPARTMENT OF OCEANOGRAPHY UNIVERSITY
OF WASHINGTON

PAVLOU S AND OTHERS 1976 UNPUBLISHED DATA

PAVLOU S AND OTHERS 1976 PCB MONITORING IN THE DUWAMISH

SPECIAL REPORT 66 DEPARTMENT OF OCEANOGRAPHY UNIVERSITY OF WASHINGTON

PAVLOU S AND OTHERS 1977 PCB IN PUGET SOUND SPECIAL REPORT
74 DEPARTMENT OF OCEANOGRAPHY UNIVERSITY OF WASHINGTON

PROFILE OF WATER QUALITY IN THE CEDARGREEN RIVER BASINS 1978
TECHNICAL APPENDIX NO TO AREAWIDE WATER QUALITY PLAN METRO REPORT

QUALITY CRITERIA FOR WATER 1976 EPA 440976023

SANTOSSANTO JF AND JD STONER 1972 PHYSICAL CHEMICAL AND BIOLOGICAL

ASPECTSASPECT OF THE DUWAMISH ESTUARY GEOLOGICAL SURVEY WATERSUPPLY

PAPER 1873C US GOVT PRINTING OFFICE

STEVENSSTEVEN THOMPSON AND RUNYON INC 1972 STUDY ON EFFECT OF DREDGING
ON WATER QUALITY AND SEDIMENT TRANSPORT IN THE DUWAMISH ESTUARY

REPORT FOR THE US ARMY CORPSCORP OF ENGINEERS
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TOMLINSON RD AND OTHERS 1976 CBMBINED SEWER OVERFLOWS

METRO REPORT

UCHIDA B 1975 CHLORINATED HYDROCARBONS METRO REPORT

WASHINGTON STATE WATER QUALITY STANDARDS 1977 DEPARTMENT OF

ECOLOGY OLYMPIA

16
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